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(54) Electroacoustic transducer 

(57) There is provided an electroacoustic trans- 
ducer, comprising: 

a diaphragm including a rectangular metal plate 
provided with a rectangular piezoelectric plate hav- 
ing electrodes at an upper face and a lower fiace 
thereof, one of the electrodes being bonded to at 
least one of the faces of the rectangular metal plate; 
a support medium including retaining parts for 
retaining two shorter sides of said diaphragm; the 
two shorter sides of said diaphragm being fixed to 
said retaining parts by an adhesive having a 
Young's modulus after curing between 4.0 x 10^ 

FIG. 4 



HIn? and 5.0 x 1 0® N/m^, gaps between two longer 
sides of said diaphragm and said support medium 
being sealed by an elastic sealant; and said dia- 
phragm being adapted into bending vibration in a 
longitudinal bending mode by applying a predeter- 
mined electrical signal between said metal plate 
and the opposing electrode provided on said piezo- 
electric plate. 

The above described electroacoustic transducer 
has high sound pressure. 
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Description 

BACKGROUND OF THE INVENTION 
1 , Field of the Invention ^ 

10001] The present invention relates to electroa- 
coustic transducers, such as piezoelectric receivers, 
piezoelectric sounders, piezoelectric speakers, and pie- 
zoelectric buzzers. In particular, the present invention io 
relates to a method for retaining piezoelectric dia- 
phragms. 
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(0002] In apparatuses such as portable telephones, 
electroacoustic transducers have been vyiclely used as 
piezoelectric receivers. QenerSlIyi art eledrbicoustic 
transducer of this type includes a unimorphicdiaphr^m 
having a circular metal plate anji a CircMter plezd^leeirte 20 
ceramic plate provided with ele*JtrOcle5^;^ b^ 
trades being bonded to the metal pikte. The diaphmgm 
is retained at its periphery in a cfeglkr <^lng In WKl^^^ 
the apertural area is enclosed by a cover. Such an elec- 
troacoustic transducer is disclosed hiiiir example, J^p- 26 
anese Unexamined Patent Api^lfcatibr* PuWfc^^^^ M 
7-107593 or Japanese Unexamined Patent Application 
Publication No. 7-203590. 

[0003] A circular diaphragm applied to the known 
electroacoustic transducer is restrained around the 30 
entire periphery thereof, whereby a maximum deflecting 
point P is disposed only at a central point of the dia- 
phragm, thereby reducing the displacement. A problem 
of the known electroacoustic transducer is that the 
sound pressure which Is produced by the energy gener- 35 
ated from displacement Is small relative to the energy 
inputted for the deflection. 

SUMMARY OF THE INVENTION 

40 

[0004] To overcome the above described problems, 
preferred embodiments of the present invention pro- 
vides an electroacoustic transducer generating high 
sound-pressure. 

[0005] One preferred embodiment of the present 45 
invention provides an electroacoustic transducer, com- 
prising: a diaphragm including a rectangular metal plate 
provided with a rectangular piezoelectric plate having 
electrodes at an upper face and a lower face thereof, 
one of the electrodes being bonded to at least one of the so 
faces of the rectangular metal plate; a support medium 
including retaining parts for retaining two shorter sides 
of said diaphragm; the two shorter sides of said dia- 
phragm being fixed to said retaining pads by an adhe- 
sive liaving a Young's modulus after curing between 4.0 55 
X 10^ N/m2 and 5.0 x 10^ N/m^, gaps between two 
longer sides of said diaphragm and said support 
medium being sealed by an elastic sealant; and said 



diaphragm being adapted into bending vibration In a 
longitudinal bending mode by applying a predetermined 
electrical signal between said metal plate and the 
opposing electrode provided on said piezoelectric plate. 
[0006] According to the above described structure 
and arrangement, two shorter sides of the rectangular 
diaphragm are fixed to retaining pads of the support 
medium, and the gaps between two longer sides of the 
rectangular diaphragm and the support medium are 
sealed by the elastic sealant. The diaphragm is 
deflected in a longitudinal bending mode by inputting a 
predetermined electrical signal between the metal plate 
and its opposing electrode provided on a face of the pie- 
zoelectric plate. That is. the diaphragm vertically 
vibrates with two longitudinal ends being supporting 
points which are fixed to the support medium. The two 
fong?r sides of the reciangMlar diaphragm, which are 
elastfd^ltjr ^e^M by thfa eld^tib sealant do not llinit the 
<Jipl|j:agm^ie^ 

WOO^ the dl^racement caused by deflection of a 
circular diaphragm Is srniail because the diaphragm is 
fixed to a support hie^ltum #t it^ |^riph^ry. whereby the 
maximumdeffectingpoihtP Is disposed only at a central 
PoJnt» as shovyn fn Fig. iA. On the other hand, the dis- 
placement caused by deflectiijn of a rectangular dia- 
ph^aam Is Idrge con^pared with that of a circular 
diaphragm, because maximum deflecting points P are 
disposed, as shown in Fig. 1B, along an intermediate 
line between both longitudinal ends of the diaphragm, 
which enables a higher sound pressure. In other words," 
a rectangular diaphragm is more easily miniaturized 
than is a circular diaphragm, when obtaining the same 
sound pressure level. 

[0008] An epoxy-based adhesive generally used for 
affixing has a Young's modulus after curing on the order 
of 10^ to 10^ N/m2 When both longitudinal ends of the 
diaphragm are fixed to a support medium by such a 
hard adhesive, the displacement by deflection of the 
diaphragm cannot be large because both longitudinal 
ends of the diaphragm are excessively restrained. 
When applying a soft adhesive having a Young's modu- 
lus after curing lower than 4.0 x 1 o^ N/m^, the entire dia- 
phragm can vibrate in a neariy free state. In a 
completely free state, the displacement cannot be large 
because the diaphragm vibrates with node points at 
approximately one-sixth of its overall length from each 
longitudinal end. 

[0009] Fig. 2 is a graph showing the relationship of 
the Young's modulus after curing of an adhesive to the 
displacement of a diaphragm, wherein two longer sides 
of the diaphragm are in a free state, and the electrical 
signal to be applied is a non-resonant region voltage 
signal. 

[001 0] The graph in Fig. 2 shows that the displace- 
ment is very large when the Young's modulus after cur- 
ing of an adhesive is between 4.0 x 10"* N/m^ and 5.0 
KlO^ N/m2, while there is a sharp decrease in displace- 
ment when the Young's modulus exceeds 5.0 x10® 
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[0O1 1 1 The adhesive for fixing two longitudinal ends 
of the diaphragm to the support mediuin, according to 
the present invention, has a Young's modulus after cur- 
ing of 4.0 X 10^ to 5.0 xlO® N/m^. The diaphragm which 
vibrates In a longitudinal bending mode with two longitu- 
dinal ends being supporting points can provide a larger 
displacement when an adhesive with a Young's modu- 
lus after curing of 4.0 x lO'^ to 5 0 xlO® N/m^ is applied 
than when the ends are restrained or when they are in a 
free state. A diaphragm thus arranged can produce high 
sound pressure. 

[001 2] Fig. 3 is a graph showing the relationship of 
the Nbung's modulus after curing of an elastic sealant to 
the displacement of a diaphragm. The graph shows two 
cases, namely, a case in which an adhesive with a 
Young's oiodulus after curing of 4 x 10^ N/m^ is applied 
to fix two shorter sides of the diaphragm, and the other 
case in which an adhesive with^ YoUiig> mcxiulus after 
curing of 4 x 10® U/nfi is api[>n^ to f tfe sartie. The 
electrical signal to be applied Is ^ nbn-resbnant region 
voltage signal. 

[001 31 The graph in Fig. 3 shows that the displace- 
ment is very large when the Ypiihg's moduliis after cur- 
ing of the sealant is 6.p x 10* NAn^ or less, while it 
shows a sharp decrease in displ^i^ement when the 
Young's modulus after curing of the sealant exceeds 5.0 
X 10^ H/vr?. The displacement does not change in the 
range of the Young's modulus after curing of the sealant 
being below 4x10^ N/m^. 

[0014] Therefore, preferably the Young's nvodulus 
after curing of the elastic sealant for sealing the gaps 
between two transversal ends of the diaphragm and the 
support medium is no more than 5.0 x 1 0® N/m^. That 
is, the elastic sealant is applied only to prevent air from 
passing through the diaphragm; therefore, the Young's 
modulus thereof is set to be as low as possible so as to 
apply the least possible restraint on the deflection of the 
diaphragm in a longitudinal bending mode. 
[0015] The Young's modulus of an adhesive which 
is higher than that of the elastic sealant provides prefer- 
able characteristics when the diaphragm is placed in a 
bending vibration in a longitudinal bending mode. 
[001 6J Other features and advantages of the 
present invention will become apparent from the follow- 
ing description of the invention which refers to the 
accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] 

Figs. 1 A and 1 B include illustrations for comparing 
a deflection of the surface of a circular diaphragm 
and a deflection of the surface of a rectangular dia- 
phragm. 

Fig. 2 is a graph showing the relationship of the 
Young's modulus of an adhesive after curing to the 



displacement of a rectangular diaphragm. 
Fig. 3 is a graph showing the relationship of the 
Young's modulus of a sealant after curing to the dis- 
placement of a rectangular diaphragm. 
5 Fig. 4 is a perspective view showing an electroa- 
coustic transducer according to a first embodiment 
of the present invention. 

Fig. 5 is a cross-sectional view showing the elec- 
troacoustic transducer shown in Fig. 4. 
10 Rg. 6 is a perspective view of a diaphragm applied 
to the electroacoustic transducer shown in Fig. 4. 
Rg. 7 is a graph showing the sound pressure char- 
acteristic of the electroacoustic transducer shown 
in Fig. 4. 

15 Rg. 8 is a perspective view of the electroacoustic 
transducer aqoprding to a second embodiment of 
the present Iriventlpn. 

Rg. 9 is a crbs|-sectlpiial View along line X-X of the 

electroacoustic irar^ucer shown in Fig. 8. 
so Rgi^isaii^^ 

the electroacoustic tran^ucer shown In Fig. 8. 

Rg. 11 is an explodeKl perspective view of a cap 

and a diaphragm from the bottom thereof. 

Fig. 12 is perspective view of the cap and the dia- 
S5 phragm in an assembled state frorn the bottom 

thereof. 

Rg. 13 is an exploded perspective view of the cap 
and a substrate. 

30 DESCRIPTION OF THE PREFERRED EIVIBODI- 
MENTS 

[0016] Fig. 4 and Fig. 5 are illustrations of an elec- 
troacoustic transducer applied to a piezoelectric 
35 receiver, according to a first embodiment of the present 
invention. 

[001 9] The piezoelectric receiver generally includes 
a unimorphic diaphragm 1 and a casing 10 as a support 
medium. The diaphragm 1 may be appropriately 
40 enclosed by the casing 10 and a cover over the dia- 
phragm, which is not shown. 

[0020] In Fig. 6, the diaphragm 1 Includes a rectan- 
gular piezoelectric plate 2 polarized in a thickness direc- 
tion provided with thin-film or thick-film electrodes 2a 

45 and 2b on an upper face and a lower face thereof and a 
rectangular metal plate 3 having a width the same as 
and a length somewhat greater than the piezoelectric 
plate 2, the metal plate 3 being bonded flatwise with the 
lower face electrode 2b of the piezoelectric plate 2 via 

50 an electrically conductive adhesive, etc. The metal plate 
3 may be connected with the lower face of the piezoe- 
lectric plate 2 via an electrically conductive adhesive, 
with the lower face electrode 2b being omitted. Accord- 
ing to the embodiment, the piezoelectric plate 2 is 

66 bonded in a position longitudinally toward one of the 
shorter sides of the rectangular metal plate 3, so that an 
exposed part 3a of the metal plate 3 is provided at the 
other shorter side of the metal plate 3, 
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[0021] A piezoelectric cerarric, such as PZT, is 
used for the piezoelectric plate 2. The metal piate 3 is 
preferably of a material having r^iliency and electrical 
conductivity; the material particularly having a Young's 
modulus close to that of the piezoelectric plate 2. There- 5 
fore, a phosphor bronze, a 42Ni alloy, or the like may be 
used lor the material. A more reliable metal plate may 
be obtained by a 42Ni alloy being applied to the materia) 
because the alloy has a thermal e)cpansion coefficient 
close to that of ceramic, such as PZT 10 
[0022] The diaphragm 1 may be produced by the 
following process. Namely, a ceramic green sheet is 
punched by a blanking mold into a rectangular mother 
substrate. The mother substrate is provided with elec- 
trodes, and it is polarized. Then, the mother substrate is is 
bonded to a metal motherboard with an electrically con- 
ductive adhesive or the tike. The bpnd^ mother sub- 
strate and metal motherboard cut by a tool, such as 
a dicer, into a rectangular shape ^fong lines along the 
length and breadth thereof to obtain diaphragms. The 20 
diaphragm 1 in a rectangular shape offers advantages, 
such as high materf;^! efficiency high productive effi- 
ciency, and a low equipment cost 
10023] The diaphragm 1 Is retained by the casing 
10 at the periphery. The casing 10 is made of an insula- 25 
tive material, such as a ceramic or a resin, and is 
formed in a rectangular box-shape which includes a bot- 
tom wall 1 1 and four side-walls 12 and 13. When a resin 
is used for forming the casing 10. a heat-resistant resin, 
such as an LCP (liquid crystal polymer), an SPS (syndi- so 
otactic polystyrene), a PPS (pofyphenylene sulfide)), or 
an epoxy resin is preferably used. A sound-releasing 
aperture 1 4 is provided at a central part of the bottom 
wall 11. 

[0024] The diaphragm 1 is disposed so that the ss 
metal plate 3 included therein opposes the bottom wall 
11, two shorter sides of the diaphragm 1 being fixed by 
an adhesive 4 to the casing 10 at its side walls at the 
shorter sides 12 (retaining parts). The adhesive 4 
includes an adhesive having elasticity in a cured state, 40 
such as a urethane or a silicone, the adhesive being 
arranged to have a Young's modulus after curing of 4.0 
X 10"^ to 5.0 X 10^ N/m^. When two shorter sides of the 
diaphragm 1 are fixed to the casing 10 at the retaining 
parts 1 2, gaps 6 are formed between the long er sides of 4s 
the diaphragm 1 and the side walls 13 of the casing 10, 
the gaps 5 being sealed by an elastic sealant 5. The 
elastic sealant 5 is made of an elastic material, such as 
a silicone rubber or the like, having a Young's modulus 
after curing of no more than 5.0 x 10® N/m^. A reso- 50 
nance chamber 6 is formed, defined by the casing 10 
and the diaphragm 1 disposed on the casing 10, as 
described above. 

[0025] Lead wires 7 and 8 are connected to the 
metal plate 3 and the upper face electrode 2a of the pie- ss 
zoelectric plate 2, which are led out of the casing 1 0 to 
be connected to a source 9 for outputting rectangular 
wave signals or sine wave signals. By applying a rectan- 



gular wave signal or a sine wave signal between the 
lead wires 7 and 8, the diaphragm 1 vibrates in a longi- 
tudinal bending mode with both longitudinal ends 
thereof (two shorter sides) being supporting points. The 
sound generated by resonance in the resonance cham- 
ber 6 is released through the sound releasing aperture 
14. 

[0026] The metal plate 3 and the upper l^ce elec- 
trode 2a of the piezoelectric plate 2 may be connected 
to an external unit through two conducting parts pro- 
vided in the casing 10, which are connected to the metal 
plate 3 and the upper face electrode 2a by using an 
electrically conductive paste. The diaphragm 1 accord- 
ing to the embodiment in particular offers advantages in 
that the exposed part 3a of the metal plate 3 and the 
conducting part of the casing 10, as well as the upper 
feice electrode 2a of the piezoelectric plate 2 and the 
other conducting part, are easily connected by conduc- 
tive paste, because the upper face electrode 2a and the 
exposed part 3d are upwardly exposed when the metal 
plate 3 is fixed opposing the bottom wall 11 of the cas- 
ing 10, with the exposed part 3a provided at a longitudi- 
nal end of the diaphragm 1. 

[00271 The follQwIhg description applies to the oper- 
ation of a piezoelectric receiver arranged as described 
above. ' ' 

[0028] In accordance with the change in frequency 
of the frequency signals applied between the lead wires 
7 and 8, the sound pressure changes, as shown in Fig. 
7. When the sound pressure rises to a peak P-i at reso- 
nant frequency f-i of the diaphragm 1, a sound pressure 
peak Pg is generated by resonance in the resonance 
chamber 6 at the lower frequency side of the sound 
pressure peak P^. 

[0029] When the piezoelectric receiver is used in a 
non-resonant-frequency region rather than in the reso- 
nant frequency region of the diaphragm 1 , the displace- 
ment of the diaphragm 1 varies in accordance with the 
"ifoung's modulus of each of the adhesive 4 and the 
elastic sealant 5, as shown in Fig. 2 and Fig. 3. The 
greatest displacement which produces the highest 
sound pressure can be obtained when the Young's 
modulus of the adhesive 4 after curing is between 4.0 x 
10"* N/m^ and 5.0 x 10^ N/m^, and the Young's modulus 
of the elastic sealant 5 after curing is no more than 5.0 
X 10^ N/m^. By the sound pressure peak Pg obtainable 
by the resonance in the resonance chamber 6 at a lower 
frequency side of the resonant frequency as shown in 
Fig. 7, an overall high sound pressure can be obtained 
over a wide frequency range, thereby providing the pie- 
zoelectric receiver with excellent characteristics. 
[0030] Figs. 8 to 1 3 show the eleclroacoustic trans- 
ducer applied to a piezoelectric buzzer, according to a 
second embodiment of the present invention. 
[0031] The piezoelectric buzzer includes a uni- 
morph-type diaphragm 1 , a cap 20, and a substrate 30. 
The diaphragm 1 has the same configuration as shown 
in Fig. 6; the same components are referred to with the 
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same nuinerats, and a description thereof is omitted. 
[0032] The diaphragm 1 is received inside the cap 
20 up^e down. The cap 20 in a Isox-shape includes an 
upper wall 20a and four side wails 20b of an insutati\^e 
material, suda as a ceramic or a resin. Step-shaped-cut- 
away retaining parts 20c for retaining two ends of the 
diaphragm 1 are integrally formed inside the two side 
walls 20b opposing each other. As the retaining faces of 
the retaining parts 20c become smaller, sound pressure 
is further increased and the resonant frequency is fur- 
ther decreased. When a resin is used for forming the 
cap 20, a heat-resistant resin, such as an LCP, an SPS, 
a PPS, an epoxy resin, or the like is preferable. A sound 
releasing aperture 20d is provided at an intermediate 
part of the upper wall 20a. Cut-away parts SOe are 
formed at opening flanges of a pair of the side walls 20b 
opposing each other. A damping hole 20f Is provided at 
the opening lEange of one of the remaining side walls 
20b. 

[0033] The diaphragm 1 is received in the cap 20 so 
that the metal plate 3 opposes the upper wall 2da. Two 
shorter sides of the diaphragin i are disposed ort the 
retaining parts 20c. and are fixed thereto wiih an adhe- 
sive 21. A known insulative adhesive rtiay be used for 
the adhesive 21, such as an epo)^, a ureth^ne, a sili- 
cone, or the tike. The Young's modulus of the adhesive 
after curing is arranged to be from 4.0 x 10'^ to 5.0 x 10® 
H/vc?. When the diaphragm 1 Is fixed to the retaining 
parts 20c of the cap 20 at two shorter sides of the dia- 
phragm 1 , small gaps are provided between two longer 
sides of the diaphragm 1 and the inner faces of the cap 
20, which are sealed by an elastic sealant 22. The elas- 
tic sealant 22 has a Young's modulus after curing of no 
more than 5.0 x 10® N/m^; in particular, an elastic mate- 
rial such as a silicone rubber Is used. Thus an acoustic 
space 23 is defined by the diaphragm 1 and the upper 
wall 20a of the cap 20. 

[0034] The cap 20 is bonded on a substrate 30, with 
the diaphragm 1 fixed to the cap 20 as described above. 
The substrate 30 is formed by an insulative material, 
such as a ceramic or a resin, in a rectangular plate. 
When a resin is used for forming the substrate 30, a 
heat-resistant resin is used, such as an LCP, an SPS, a 
PPS, an epoxy resin including an epoxy-reinforced 
glass, or the like. Electrodes 33 and 34 are disposed 
extending from the upper face to the lower face at the 
longitudinal ends of the substrate 30 through through- 
hole grooves 31 and 32. As shown in Fig. 1 1 and Fig. 
12, conductive pastes 35 and 36 are provided at a pair 
of the cut-away parts 20e of the cap 20, opposing each 
other, i.e.. on the exposed part 3a of the metal plate 3 
and the upper face electrode 2a of the piezoelectric 
plate 2 provided at the ends of the diaphragm 1. Con- 
ductive pastes 37 and 38 are provided on the electrodes 
33 and 34 of the substrate 30, which oppose the con- 
ductive pastes 35 and 36. The cap 20 is bonded on the 
substrate 30 at its opening flanges, the opening flanges 
of the cap 20 or a cap connecting part of the substrate 



30 being provided with an insulative adhesive 39 shown 
in Fig. 10 by screen-printing or the like. The conductive 
pastes 35 and 37 connect the exposed part 3a of the 
metal plate 3 and the electrode 33 of the substrate 30, 

5 and the conductive pastes 36 and 38 connect the upper 
electrode 2a of the piezoelectric plate 2 and the elec- 
trode 34 of the substrate 30. By thermosetting or atmos- 
pheric-curing of the conductive pastes 35 to 38 and the 
insulative adhesive 39 arranged as described above, a 

10 surface-mounted piezoelectric acoustic device is com- 
pleted. 

[0035] By applying a predetermined frequency sig- 
nal (an alternate-current signal or a rectangular wave 
signal) between electrodes 33 and 34 provided on the 

IS substrate 30, the diaphragm 1 vibrates in a longitudinal 
bending mode with the longitudinal erxis being support- 
ing points, as the diaphragm 1 is fixed by the retaining 
parts 20c of the cap 20 at the longitudinal ends of the 
diaphragm 1 , and i$ hetd in an elastically deflectable 

20 State by the ia|astic sealant 22 at the transversal ends of 
the diaphragm 1 . Thus, a predetermined buzzer sound 
is produced, which is released through the sound 
releasing aperture 20d. 

[0036] Acpprding to the embodiment described 
S6 above, the diaphragm 1 is retairied with the metal plate 
3 disposed toward the upper wall 20a of the cap 20 so 
that the upper face 2a of the piezoelectric plate 2 and 
the exposed part 3a of the metal plate 3 oppose the 
substrate 30, in order to facilitate the bonding of the 
30 Upper face electrode 2a and the electrode 34, and the 
exposed part 3a and the electrode 33 by the conductive 
pastes 35 to 38. 

[0037] The conductive pastes 35 to 38 are provided 
on the cap 20 and the substrate 30 to ensure bonding, 
35 according to the above embodiment. The conductive 
paste may be provided on one of the cap 20 and the 
substrate 30. 

[0038] According to the embodiment, the elastic 
sealant 22 is provided not only at the two longer sides 

40 but also at the two shorter sides of the diaphragm 1 , as 
shown in Fig. 1 1 . A first reason of this arrangement is to 
avoid a risk of a short circuit from being caused by the 
paste 36 adhering to the metal plate 3 when bonding 
the upper face electrode 2a of the piezoelectric plate 2 

45 and the electrode 34 of the substrate 30 by the conduc- 
tive pastes 36 and 38. The risk of the short-circuiting is 
avoided by providing an insulative film of the elastic 
sealant 22 at the periphery of the metal plate 3. A sec- 
ond reason of this arrangement is to avoid a risk of air 

60 leakage through the diaphragm 1 by sealing the entire 
periphery of the diaphragm 1 . 
[0039] The embodiment according to the present 
invention is not limited to that described above, and may 
be modified within the spirit and scope of the present 

55 invention. 

[0040] The diaphragm is fixed to the top of the side 
walls of a box-shaped casing, as shown in Figs. 4 and 5. 
However, the diaphragm may be fixed in a different 
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manner to a substrate of a drfferent configuration; for 
example, the diaphragm may be fixed to a planar sub- 
strate. 

[0041] Also, the casing may be divided by a plurality 
of partitions, each section thus divided being provided 
with a diaphragm. 

[0042] The diaphragm may be formed by the entire 
surface of a metal plate being covered by a piezoelectric 
plate bonded thereon, as shown in Fig. 1B in Fig. 1, 
^instead of the exposed part provided at a longitudinal 
end of the metal plate. 
^ [0043] A bimorphic diaphragm in which piezoelec- 
tric ceramic plates are bonded on both faces of a metal 
plate may be used in place of the unimorphic diaphragm 
according to the present embodiment, in which a piezo- 
electric ceramic plate is bonded on one f^ce of the 
metal plate. 

I0O44] The diaphragm according to the present 
invention may be applied to electroacoustic iranklucers 
used in a non-resonant region, such as plezpelecrtric 
receivers, piezoelectric sounders, and pijazoelecfric 
speakers, and may also be applied t6 electrp|coUs^^ 
transducers used in a resonant region, such as piezoe- 
lectric buzzers, because thesamecharacterlstlc^oftho 
diaphragm as shown in Figs. 2 and 3 can ilso be 
obtained in a resonant region. 
[0045] According to the present invention, as 
described above, the displacement of the diaphragm 
can be greater than that of a known circular diaphragm 
because the rectangular diaphragm is fixed via an 
adhesive to retaining parts at two shorter sides of the 
rectangular diaphragm, gaps between two longer sides 
of the rectangular diaphragm and the substrate being 
sealed by an elastic sealant, and the diaphragm is 
placed into bending vibration in a longitudinal bending 
mode with two shorter sides thereof being supporting 
points. A greater displacement can be obtained by a 
Young's modulus after curing of the adhesive for fixing 
two shorter sides of the diaphragm being in the range of 
4.0 X 10"^ to 5.0 X 10^ N/m^, which enables an electroa- 
coustic transducer to have higher sound pressure. The 
diaphragm, being rectangular, can be reduced in size 
compared with a circular diaphragm while generating 
the same level of sound pressure. 
[0046] When the elastic sealant has a Young's mod- 
ulus after curing of no more than 5.0 x 10® N/m^ and the 
adhesive has a Young's modulus after curing of 4.0 x 
lO'* to 5.0 X 10^ IM/m^, the maximum displacement by 
deflection of the diaphragm can be provided, thereby 
making possible an electroacoustic transducer having 
high acoustic-transducing efficiency 
[0047] While the invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it will be understood by those 
skilled in the art that the forgoing and other changes in 
form and details may be made therein without departing 
from the spirit of the invention. 
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Claims 

1. An electroacoustic transducer, comprising: 

a diaphragm including a rectangular metal 
plate provided with a rectangular piezoelectric 
plate having electrodes at an upper fece and a 
lower face thereof, one of the electrodes being 
bonded to at least one of the faces of the rec- 
tangular metal plate; 

a support medium including retaining parts for 
retaining two shorter sides of said diaphragm; 
the two shorter sides of said diaphragm being 
fixed to said retaining parts by an adhesive 
having a Young's modulus after curing between 
4.0 X 10"^ N/m^ and 5.0 x 10^ N/n^, gaps 
between two longer sides of said diaphragm 
and said support medium being sealed by an 
elastic sealant; and 

said diaphragm being adapted into bending 
vibration In a longftudinal bending mode by 
applying a predetermined electrical signal 
between said hnetal pl^te and the opposing 
electrode provided on said piezoelectric plate. 

2. The electroacoustic transducer according to Claim 
1, wherein said elastic sealant has a Young's mod- 
ulus after curing of no more than 5.0 x 10® N/m^. 
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